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The recently proposed ’New Method of Measuring Electric Dipole Moments in Storage Rings’ [1,
2, 3] could be used in an experiment using the existing muon beam µE1 at PSI. A high muon
polarization and a rather low momentum of pµ ∼ 125 MeV/c allow for an almost table-top storage
ring and increase the intrinsic sensitivity and, thus, partially compensate for limitations due to lower
event statistics. A measurement of the muon electric dipole moment with a sensitivity of better
than dµ ∼ 5× 10
−23 e·cm within one year of data taking appears feasible.
PACS numbers:
I. MOTIVATION
The experimental limit of the muon electric dipole
moment (EDM) is dµ ≤ 1.1 × 10−18 e·cm [4, 5] (and
dµ ≤ 2.8 × 10−19 e·cm [6], respectively), the one for
the electron electric dipole moment is approximately
de ≤ 2.2 × 10−27 e·cm [7]. For many models a general
scaling law connects the values of the muon EDM and the
electron EDM: dµ/de ≈ mµ/me ≈ 207. However, large
muon EDM values approaching 10−22 e·cm (along with
small electron EDMs) are predicted by some attractive
scenarios (see, e.g. [8, 9, 10, 11]) and it is especially inter-
esting to note that it is intimately connected to possible
explanations of the observed neutrino mixing data and
large branching ratios of rare processes, such as µ→ eγ.
Recently, a ’New Method of Measuring Electric Dipole
Moments in Storage Rings’ [1, 2, 3] has been proposed
with the promise to improve the EDM sensitivity down
to dµ ∼ 10−24 − 10−25 e·cm at a new muon facility.
In this note we briefly discuss that a sensitivity of
5× 10−23 e·cm can already be obtained using an existing
muon beam at comparatively low momentum together
with a compact storage ring. Although at this level of
sensitivity one will only in a rather fortunate situation be
able to discover a muon EDM or only start to scratch the
possible parameter space of the above mentioned mod-
els, there might be an additional strong practical motiva-
tion: Covering 3-4 orders of magnitude improvement in a
smaller scale experiment and this way providing a proof
of principle will help to judge about the realization of
future larger and considerably more expensive projects
in this direction. It could also help the realization of
ideas [12] to apply the same method for the search of ion
EDMs.
II. METHOD AND SENSITIVITY
The method is the one described in [1]; we use the
same notation and repeat some of the equations. The
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basic idea is the cancellation of the regular (g-2) pre-
cession in a magnetic storage ring by the addition of
a radial electric field. In the presence of an EDM
dµ = ηe~/4mc ≈ η × 4.7 × 10−14 e·cm a precession is
obtained around the direction of the motional electric






~β × ~B. (1)
The angular velocity vector of the (g-2) precession is




[ a ~B + (
1
β2γ2
− a)~β × ~E/c ]. (2)
In case of 1/β2γ2 ≫ a one can reduce ωa to zero by
choosing (Eq. (3) of [1]):
E ≈ aBcβγ2. (3)
Then the only precession is the one of Eq. (1) and the
muon spin which is initially parallel to the direction of
the muon momentum is moving steadily out of the plane
of the storage ring. The observable in the experiment
is thus an up-down counting asymmetry A due to the
muon decay asymmetry. With the polarization P of the
muons and the number N of detected decay electrons the








Reference [1] comments on this equation with: “To ob-
tain the best accuracy it is desirable to use a high mag-
netic field and high energy muons which live longer. But
Eq. 3 shows that this would require impractically large
electric fields.” As a possible electric field strength,
2MV/m is considered in [1].
The major difference of the present proposal as com-
pared to [1, 3] is in a detail, mainly in the use of a muon
beam of significantly lower momentum (and thus smaller
γ which means shorter living muons and considerably
smaller bending radius in the storage ring). We rewrite








2One realizes that the boundary condition of a practically
limited electric field strength then favors lower values of
γ. We consider the use of the µE1 beamline at PSI [13].
It allows for rates of positively charged pµ = 125MeV/c
muons (from the backward decay of ppi = 220MeV/c pi-
ons) on the order of 0.6− 2× 108 s−1, depending on the
mode of operation. The muons arrive in bunches every
19.75ns (corresponding to the accelerator frequency), the
muon bunches themselves have a burst width slightly be-
low 4 ns [14]. The muon polarization is P ≈ 0.9, for
the decay asymmetry we use A = 0.3. For a muon with
pµ = 125MeV/c one has β = 0.77 and γ = 1.57.
We consider a scenario with magnetic and electric fields
of B = 1T and E = 0.64MV/m, respectively, corre-
sponding to a ring radius of R = 0.42m. Choosing a
moderate value for the B-field allows to use a normal
conducting magnet in order to switch the field polarity
reasonably fast. The strength of the electric field follows
from this choice and is not critical. For the experiment
proposed in [1] (E = 2.2MV/m, B = 0.25T, γ = 5,





Here accordingly (E = 0.64MV/m, B = 1.0T, γ = 1.57,





Thus, the intrinsic sensitivity is competitive. In case one
can manage higher magnetic fields, the improvement in
sensitivity will be obviously linear and the orbit radius
would decrease accordingly. The achievable event statis-
tics is estimated as follows: We assume one muon at a
time in the storage ring and observe its decay before the
next muon is added. On average this would mean one
muon per muon lifetime, i.e. effectively work at a rate of
1/(γτµ) ≈ 2.9 × 105 s−1. Assuming an effective on-time
of the experiment of 2 × 107 s per year, we would accu-
mulate 5.8× 1012 muons per year. Assuming a detection
of 80% of the decay electrons then yields
σdµ ≈ 5× 10−23 e · cm (8)
within one year of data taking. Here, again, an increase
in magnetic field strength would be linearly transferred
into an improved sensitivity.
III. EXPERIMENTAL ISSUES
A. Storage ring injection
One of the experimental challenges is the injection
of the muons into the storage ring. The velocity of
125MeV/c muons is about 23 cm/ns corresponding to a
revolution time of about 11 ns in the 1T field. The use
of a conventional kicker device faster than the revolution
time may be not feasible because existing devices are
at least about an order of magnitude slower. However,
for electrons the injection into small synchrotron stor-
age rings using 1/2 or 2/3-integer resonances has been
demonstrated [15, 16] and should be equally possible for
muons. In this injection scheme, a pertubator magnetic
field is superimposed on the storage ring magnetic field
and kicks the muon away from the central orbit to which
it gradually returns in 10-30 revolutions during which the
perturbing field is damped. The synchronization of the
field ramping and the muon injection can be achieved via
triggering with an “AND” the detection of the previous
decay electron (or a suitable time-out, respectively) and
the accelerator radiofrequency or an upstream muon en-
trance telescope. The loss in statistics due to the time
needed for ramping up the perturbator is of order 10%;
the decrease of the actual observation time window due
to the time needed for reaching the stable orbit is of the
same order but not important, because the asymmetry
signal is growing with time and the older muons con-
tribute more to a possible signal.
B. Electron detection
For optimal determination of the muon polarization
the electron energy and momentum direction should be
reconstructed by the detection system. The magnetic
field of the storage ring will bend the electron trajecto-
ries on their way to the up- or down-detectors. In ideal
cases, the energy can be reconstructed by measuring the
track’s curvature. Different kinds of tracking devices can
be used and seem suitable for that purpose. For cases
in which the electrons are emitted more parallel to the
magnetic field, some sort of calorimetry is needed. The
requirements certainly are challenging because of spatial
restrictions in the magnetic field gap and the neighbour-
hood of the laboratory electric field. Nevertheless, this
task can be considered manageable.
C. Systematic effects and counter measures
At this point it appears that all systematic counter
measures discussed in [1] can be applied to the small
system as well: the clockwise and counter-clockwise in-
jection scheme (requiring switching of the magnet), the
injection of negatively charged muons (although may be
with a compromise in statistics, depending on the match-
ing of the acceptances of beamline and storage ring) and
possibly even the injection and detection of deuterons.
IV. CONCLUSION
A measurement of the electric dipole moment of the
muon with a sensitivity of about dµ ∼ 5 × 10−23 e·cm
3within one year of data taking at an existing beamline
and using a compact setup appears feasible. No obvious
show stopper could be identified so far, such that it could
be worthwhile to study in more detail the connected is-
sues and simulate a reasonable setup.
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